Exacerbating factors of itch in atopic dermatitis  by Murota, Hiroyuki & Katayama, Ichiro
lable at ScienceDirect
Allergology International 66 (2017) 8e13Contents lists avaiAllergology International
journal homepage: http : / /www.elsevier .com/locate/al i tInvited review articleExacerbating factors of itch in atopic dermatitis
Hiroyuki Murota*, Ichiro Katayama
Department of Dermatology, Course of Integrated Medicine, Graduate School of Medicine, Osaka University, Osaka, Japana r t i c l e i n f o
Article history:
Received 12 September 2016
Received in revised form
11 October 2016
Accepted 12 October 2016
Available online 15 November 2016
Keywords:
Atopic dermatitis
Exacerbating factors
Itch
Life rhythm
Pruritus
Abbreviations:
AD atopic dermatitis
TSLP thymic stromal lymphopoietin
TEWL trans epidermal water loss* Corresponding author. Department of Dermat
Medicine, Graduate School of Medicine, Osaka Univ
Osaka 565-0871, Japan.
E-mail address: h-murota@derma.med.osaka-u.ac.
Peer review under responsibility of Japanese Soci
http://dx.doi.org/10.1016/j.alit.2016.10.005
1323-8930/Copyright © 2016, Japanese Society of Alle
licenses/by-nc-nd/4.0/).a b s t r a c t
Atopic dermatitis (AD) displays different clinical symptoms, progress, and response to treatment during
early infancy and after childhood. After the childhood period, itch appears ﬁrst, followed by formation of
well-circumscribed plaque or polymorphous dermatoses at the same site. When accompanied with
dermatitis and dry skin, treatment of skin lesions should be prioritized. When itch appears ﬁrst, disease
history, such as causes and time of appearance of itch should be obtained by history taking. In many
cases, itch increases in the evening when the sympathetic nerve activity decreased. Treatment is pro-
vided considering that hypersensitivity to various external stimulations can cause itch. Heat and
sweating are thought to especially exacerbate itch. Factors causing itch, such as cytokines and chemical
messengers, also induce itch mainly by stimulating the nerve. Scratching further aggravates dermatitis.
Skin hypersensibility, where other non-itch senses, such as pain and heat, are felt as itch, sometimes
occurs in AD. Abnormal elongation of the sensory nerve into the epidermis, as well as sensitizing of the
peripheral/central nerve, are possible causes of hypersensitivity, leading to itch. To control itch induced
by environmental factors such as heat, treatment for dermatitis is given priority. In the background of
itch exacerbated by sweating, attention should be given to the negative impact of sweat on skin ho-
meostasis due to 1) leaving excess sweat on the skin, and 2) heat retention due to insufﬁcient sweating.
Excess sweat on the skin should be properly wiped off, and dermatitis should be controlled so that
appropriate amount of sweat can be produced. Not only stimulation from the skin surface, but also visual
and auditory stimulation can induce new itch. This “contagious itch” can be notably observed in patients
with AD. This article reviews and introduces causes of aggravation of itch and information regarding how
to cope with such causes.
Copyright © 2016, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Clinical features of itch in atopic dermatitis (AD)
Clinical characteristics of AD change with both age and disease
duration. Sulzberger, who ﬁrst named AD, described patients with
AD according to a characteristic clinical picture for each age.1
Clinical manifestation of AD in the childhood period centers on
eczematous change accompanied with serous papules (Fig. 1).
Eczema or exudative papules are accompanied by strong itch, and
excoriation and new papules develop due to scratching (Fig. 1).
Next, as clinical course progresses from childhood to adult, skin
lesions begin to change into a different phenotype than that in the
childhood period (Fig. 1). Phenotype of dermatitis during this
period is more varied, and this condition has been historicallyology, Course of Integrated
ersity, 2-2 Yamadaoka, Suita,
jp (H. Murota).
ety of Allergology.
rgology. Production and hosting by Elsereferred to as disseminated neurodermatitis, or Besnier's prurigo.2,3
Disseminated neurodermatitis was proposed by Brocq and Jac-
quet.2 Characteristics include, 1) mental nervousness, 2) contin-
uous itch appearing before visible skin abnormality, 3) apparent
circumscribed plaque occurring in almost completely same site
where the itch ﬁrst appeared, 4) distribution of skin lesions similar
to dermatoses of nervous origin, 5) skin dryness, 6) visible papillae
of hypertrophy of skin and pigmented skin, and 7) chronic condi-
tion. Besnier's prurigo was proposed by Besnier, and determined as
a type of “diathetic prurigo”.3 Skin manifestation in early infancy is
characterized by non-speciﬁc skin lesions occurring after the
appearance of itch, and in the young adulthood period, it is char-
acterized by “paroxystic and chronic polymorphous and pruri-
ginous dermatoses, Hebra's prurigo type.” Such a detailed
description of distribution, nature, clinical course, and response to
treatment of a rash can be applied in today's daily clinical
practice.1e4 AD is characterized by itch preceding dermatitis, and
symptoms and response to treatment are different in early infancy
and after childhood. Thus, elucidation of the distinctive mechanismvier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
Fig. 1. Clinical characteristics of AD change with both age and disease duration. During early childhood, clinical manifestation is characterized with aggregated exudative papules or
small vesicles, so called eczematous change, accompanied by strong itch (left). These clinical features undergo age-related change. After childhood, skin manifestations change into
symmetrically localized extensive dermatitis with licheniﬁcation (right). This chronic skin condition occurs repeatedly where the itch ﬁrst appeared, and is referred to as
neurodermatitis.
Table 1
Major itch-inducing factors and their receptors in atopic dermatitis.
Ligands Receptors Ref.
Histamine Histamine receptors 25
Kallikreins, tryptase, endogenous/
exogenous proteases
PAR-2 26,27
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Furthermore, itch related to AD is aggravated by heat, sweating,
wool ﬁbers, emotional stress, certain foods, alcohol, and the com-
mon cold.5 Especially the ﬁrst three are known to be related to
factors that aggravate clinical itch. Countermeasures of these
aggravating factors are essential for itch management of AD.Bradykinin Bradykinin receptors 28
Serotonin, 5-HT 5-HT receptor 29
Endothelin-1 Endothelin receptors (ETA) 30,31
IL-31 IL-31 receptor A 32
TSLP TSLP receptor 33
Substance P NK-1R 34,35
PAF PAF receptor 36
LTB4 (murine) LTB4 receptor (murine) 37
Electrophiles, oxidants,
pro-inﬂammatory agents,
TRPA1 38,39
12-HPETE TRPV1 40
Artemin GFRa3 41
IL-2 IL-2 receptor 42
GRP GRP receptor 43,44
b-endorphin m opioid receptor 45,46
Acethylcholine Acethylcholine receptor 47
CGRP CGRP receptor 48
PAR, protease activated receptor; HT, hydroxytryptamine; TSLP, thymic stromal
lymphopoietin; NK-1R, neurokinin-1 receptor; PAF, platelet activating factor; LTB4,
leukotriene B4; GFR, glial cell line-derived neurotrophic factor receptor; 12-HPETE,
12-hydroperoxyeicosatetraenoic acid; GRP, gastrin releasing peptide; CGRP, calci-
tonin gene-related peptide.Transmission and processing of itch in AD
Itch is transmitted to the brain by electrical impulses and waves
passing through peripheral nerve ﬁbers. The brain receives the
information and induces a bodily reaction. Recently, it has been
indicated that astrogliosis in spinal dorsal horn inﬂuences chronic
itch in AD-like animal models, and that the processing of the sense
of itch, which is characteristic in AD, occurs in the central nerves.6
Further clariﬁcation of the speciﬁc mechanism of transmission of
the sense of itch in human AD is required. Here, the overall picture
of neuronal transmission of itch is summarized.
The itch-related stimuli from skin are received by the receptor in
the free nerve ending of the skin, then converted to electrical cur-
rent by coexisting ion channel, and is transmitted to the spinal cord.
Many receptors and ligands related to itch have been reported
previously (Table 1). Itch ligands (pruritogens) activate voltage
gated ion channels by exciting TRPV1 (histaminergic) or TRPA1
(non-histaminergic), and subsequently increase action potential
leading to an itch sensation.7e10 In recent years, TRPV1 and TRPA1
have been in the spotlight as targets for drug development because
they are keys to peripheral itch transmission.11 Inhibition of TRPV1
or TRPA1 can attenuate itch in AD-likemodel animals.12,13 Electrical
current occurring in the free nerve ending is transmitted to the
spinal cord. The electrical current from the peripheral nerve of the
skin is transmitted to neurons which travel to the central nerve via
interneurons in the spinal cord.7 Strength of the electrical current is
adjusted in the spinal cord and sorted by interneurons. The func-
tions of inhibitory interneurons are of particular interest.14e16
Scratching, heat stimulation, and mechanical stimulation on the
skin surface can inﬂuence itch-intensity. These stimulationsincrease inhibitory interneuron activity in the spinal cord via the
peripheral nerve which transmits the feeling of pain of the skin.
Neurotransmission inhibitors (neurotransmitter gamma-
aminobutyric acid (GABA)), glycine, and dynorphins are released
from the nerve ending of inhibitory interneurons, and control
neuron activity to the central nerve.15,16 As a result, itch will sub-
side. Controlling inhibitory interneurons is considered to be a
strong candidate as a strategy for itch treatment. This processed
itch signal is transmitted from the spinal cord through the neurons
in the ascending pathway to the amygdala via the thalamus or
medulla oblongata of the central nerve. The itch signal is analyzed
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as localization, quality, scratch, impact, pain, and pleasure.17,18
Processing of itch signals in the central nervous system was
found to differ in AD patients compared to healthy subjects.19 Up to
now, although the circuit in the central nerve has not been sufﬁ-
ciently clariﬁed, central nerves may contribute to control itch. The
descending noradrenergic system suppresses itch signaling by ac-
tion mediated by a(2)-adrenoceptor.20,21 Noradrenaline, which is
secreted in the process of the descending nerve system due to
excitability of the sympathetic neuron of the medulla or midbrain,
can exert tonic inhibition of itch.20,22 Hence, itch is controlled in the
signiﬁcant condition of the sympathetic nerve, such as daytime, or
when concentrating on something. Also, in AD subjects, itch can be
controlled when the attention of the patient is captured by some-
thing other than the itch. Further understanding of the descending
anti-pruritic nerve system is expected to contribute to improved
treatment of itch from AD.Itch due to dry skin or inﬂammation in AD
In skin symptoms such as eczema and dry skin, various sub-
stances which cause itch (pruritogens) such as cytokine and
chemical messengers are released from the affected area23,24
(Table 1, Fig. 2). Pruritogens induce itch mainly by acting on the
nerve, and the affected area is then scratched.24 However, skin le-
sions cannot be peeled from the skin, and such scratching aggra-
vates dermatitis. This vicious cycle is called the “itchescratch
cycle”. In chronic inﬂammation such as AD, skin hyperesthesia
occurs. Elongation of the sensory nerve in the epidermis up to right
under the stratum corneum due to drying and inﬂammation is also
considered to be a cause of skin hyperesthesia49 (Fig. 2). NGF,
semaphoring 3A, IL-31, and artemin are related to this aberrant
nerve elongation and sprouting in AD.41,50,51 Histamine derived
from degranulation of mast cells, and substance P which is released
from the nerve ending, act directly or indirectly on the aberrantlyFig. 2. Illustrating both trigger of itch and causes of neural sensitization schematically. Presu
may augment the susceptibility to these exacerbating factors for itch.elongated nerve, and cause itch. In addition, the role of inﬂam-
matory mediators, such as thymic stromal lymphopoietin (TSLP)
derived from epidermal keratinocytes and IL-31 derived from
inﬁltrated lymphocytes, on itch has been a recent topic. TSLP and
IL-31 were found to induce itch by acting directly on nerve ﬁ-
bers.32,33 In hepatic disorders, increase in autotaxins (lysophos-
pholipase) due to cholestasis has been found to cause itch.52
Furthermore, a correlation between autotaxin concentration in
the blood and itch intensity in subjects with AD has been
reported.53
Itch is sometimes induced, not from the skin, but from visual or
auditory information. For example, when a person sees an image
suggestive of itch, such as being bitten by a mosquito, or hears the
sound of somebody else scratching their skin, he may have the urge
to scratch himself54,55 (Fig. 2). This phenomenon is known as
“contagious itch”.56 In AD, “contagious itch” has been proven to be
stronger than that in healthy subjects.56 Psychological and mental
factors are also thought to inﬂuence itch. Although actual condi-
tions remain unclear, insomnia is also thought to contribute to the
onset and worsening of itch. The impact of insufﬁcient sleep and
the inﬂuence of the circadian rhythm on itch due to AD will be
described later.Temperature and itch
Patients with AD often complain that “itchiness increases when
it gets warm”.5,57 While “heat” has been known as major inducer of
itch in AD,5 there are still many uncertainties in its mechanism.
Furthermore, thermally-provoked itch frequently shows poor
treatment response.57 We can experience the relationship between
temperature and itch in daily life. For example, ordinarily, itch can
be relieved by a painful hot shower or cooling the itchy area with
ice. This phenomenon has been validated by scientiﬁc methods,
and suppression of histamine-evoked itch could be achieved by
heat or cold stimulation on healthy skin.19,58,59 However, itch in ADmably, memories from repeated experiences of itch may promote neural plasticity, and
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painful heat stimulation.19,58,60 In other words, AD may promote
abnormal hyperesthesia causing patients to feel thermal stimula-
tion as itch. This phenomenon is thought to occur due to sensiti-
zation of the peripheral or central nerve, and its molecular
mechanism has been slowly revealed.
Skin peripheral nerve ﬁbers are normally distributed in the
dermis surrounded with abundant ﬁbroblasts. From this, nerve ﬁ-
bers are assumed to be affected by factors secreted from dermal
ﬁbroblasts, and sensitized to cause alloknesis. Thus, we compre-
hensively analyzed genes expressed from dermal ﬁbroblasts which
were stimulated by factors related to allergic inﬂammation and
itch. As a result, we focused on artemin, a neurotrophic factor,
induced from dermal ﬁbroblast which was stimulated with sub-
stance P.41 Although, artemin is considered to be important mainly
in the development of sympathetic innervation, its function in skin
was unknown. Expression of artemin is not observed in normal
human skin, but is strongly deposited in dermal lesions of AD and
nummular eczema.41 Mice administered artemin showed an
increased number of peripheral sensory nerves in the skin, and
developed skin thermal hypersensibility. Furthermore, mice
administered artemin on their back skin displayed abnormal
behavior such as rubbing the skin of their whole body skin inwarm
temperature conditions at 38 C. This phenomenon was not
observed in the artemin receptor (GFRa3) knock out mice.
Abnormal accumulation of artemin in the local skin was thought to
cause systemic thermally-provoked itch. Now, the question re-
mains as to why accumulation of localized artemin affects skin
sensation of the whole body. Administration of capsazepine, a se-
lective antagonist of temperature receptor TRPV1, did not suppress
the abnormal behavior caused by artemin in a warm environment.
Thus, this reaction is currently thought to be caused by a mecha-
nism independent to TRPV1.41
In AD, even the temperature setting of the bathwater or of the
air conditioner should be considered. Actually, events in everyday
life and clinical practice provide us with opportunities to consider
the importance of temperature setting. For example, patients with
AD scratch an itch developed right after taking a hot bath, or scratch
their body right after taking off their clothes. These phenomena are
assumed to be related to rapid temperature change of the surface of
the skin. In fact, rapid change in skin surface temperature has been
experimentally conﬁrmed to increase itch. Pfab et al. stimulated
skin administered histamine by repeatedly alternating temperature
between warm (32 C) and comparatively cold (25 C) at 20 s in-
tervals, and found that itch was heightened by rapid change in skin
surface temperature.61 These results indicate that even within the
familiar temperature range of our daily life, rapid change in tem-
perature can intensify itch. AD patients should be instructed to
avoid extreme temperature settings for both the air conditioner
and bathwater. The Japanese guideline for AD recommends an
appropriate temperature of bathwater as 38e40 C.62
Perspiration and itch
Body temperature adjustment activity: Mammals are homeo-
thermic with a stable body temperature. When body temperature
increases, thermal control mechanisms, such as perspiration,
expiration, and heat transfer are activated.63 Humans have eccrine
sweat glands throughout the body and perspire to regulate body
temperature effectively. Perspiration is an important physiological
function to adjust body temperature in human activities.63
Sweat contains components to maintain skin homeostasis, such
as natural moisture-retaining factors (urea and sodium lactate),
bactericidal peptides (dermcidin, cathelicidin, b-defensin), and
secretory IgA to protect against infection.64 In addition, sweat hasan inhibiting effect on both cysteine protease activity and serine
protease activity, and contributes to the prevention of a proin-
ﬂammatory response against allergens with cysteine protease ac-
tivity, and to the formation of mature stratum corneum.65e68
Furthermore, it has been reported that sweat attenuates experi-
mentally induced itch intensity.69
On the other hand, sweat is known as an aggravating factor in
AD. Evidence in this regard, the mechanism of exacerbation of AD
by sweat can be largely divided to three categories,1) leaving excess
sweat on the skin without rinsing off, 2) abnormality in the com-
ponents of sweat, 3) abnormal decrease in perspiration. Perspira-
tion itself has been regarded as an aggravating factor due to the fact
that many patients with AD view sweating as an aggravating factor,
as seen in many large-scale self-completed questionnaires.70 In
addition, in a report indicating the existence of “sweat allergy”,
patient-derived basophils showed positive reaction in a histamine
release test for semipuriﬁed antigens extracted from sweat derived
from healthy subjects.71 On the other hand, Adachi et al. reported
that no positive reaction by sweat patch test was observed.72 Ac-
cording to the above reports, sweat itself is not considered to be
related to delayed allergic reaction, although it may be related in an
acute phase allergic reaction. It has been reported that the antigen
derived Malassezia globosa, an indigenous fungus involved in the
normal inhabitants of the skin, contaminated sweat, and may be
related to “sweat allergy”.73 Since fungal antigens are not primary
components of sweat, the merits and demerits of sweat on AD
should be discussed carefully. On the other hand, the possibility of
decreased antimicrobial components in perspiration is related to a
decrease in the ability to defend against infection of AD.64
In addition, abnormal decrease in perspiration ability with AD
has been indicated. Regarding its mechanism, A) perspiration is
produced but not discharged to the skin surface due to obstruction,
and B) abnormality occurs in the production and secretion of sweat
itself, etc., have been considered.64 One theory on the cause of
obstruction is the formation of a horny plug in the sweat pore.74
However, whether this is due to keratosis accompanied with
inﬂammation, or drying due to less sweating, is not conclusive.
Shiohara et al. conﬁrmed a leak image of dermcidin, a bactericidal
peptide contained in sweat, surrounding the sweat duct in the
lesion area of AD.75 As a result of sweat leaking outside the sweat
duct, the volume of sweat discharged to the skin surface decreases.
Next, in AD, decreased sweat secretion has been conﬁrmed by a
perspiration test using acetylcholine load and temperature
load.75e78 Regarding the mechanism, inﬂuence of autonomic dys-
tonia, and tendency of anxiogenic personality can be considered.77
In addition, we have recently discovered that histamine suppresses
perspiration by affecting the sweat gland.79 In other words, allergic
inﬂammation can be a cause of decreased perspiration in AD.
Decreased sweating in AD can be improved by treating the skin
symptoms. Therefore, improvement of impaired sweating should
be an important therapeutic outcome when determining man-
agement of AD.
Leaving excess sweat on the skin surface contributes to aggra-
vation of AD symptoms. One factor causing aggravation is a higher
pH level of skin surface due to neglected excess sweat.64 Ordinarily,
pH of insensible sweat, remains sufﬁciently low because sodium-
bicarbonate (HCO3
), and alkali ion, in sweat is reduced by reab-
sorption from the sweat duct.63 However, as the amount of sweat
increases with higher body temperature, reabsorption of HCO3

from the sweat duct fails, and sweat pH increases. If excess sweat
with higher pH remains on the skin, this may easily lead to
detachment of the horny cell layer, and increased susceptibility to
inﬂammation.64 Contamination or antigens (Malassezia-derived
antigens, etc.) contained in the sweat on the surface of the skin, and
may cause itch. Moreover, the merits of perspiration, such as
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excess sweat increases. Hence, in cases of itch accompanying
perspiration, old excess sweat should be washed or wiped off with
a wet towel.
The argument that sweat is an aggravating factor for AD can
easily lead to the short-sighted interpretation that “patients with
AD should not sweat.” However, there is no evidence that skin
symptoms improve under the guidance of “do not sweat”.80 Thus,
as mentioned above, improvement of impaired perspiration func-
tion can be a better treatment goal.Life rhythm and itch
Irregular habits lead to ﬂuctuation in the skin homeostasis. The
complaint “itch increases at night” is often heard from patients
with AD. In fact, deep body temperature shows diurnal variation,
increasing from the evening into the night, and is lowered by
dilatation of skin peripheral vessels during sleep.81 As a result, skin
temperature increases during sleep, and itch can easily occur.
Melatonin produced by the pineal gland is considered to be related
to decreased body temperature after sleeping. The habit of staying
up late reduces melatonin production, and inhibits the decrease of
deep body temperature81 (Fig. 2). Trans Epidermal Water Loss
(TEWL) is an indicator of skin barrier function and also increases at
night. As a result, in high-temperature and high-humidity (TEWL)
environments, the skin surface is susceptible to itch. Furthermore,
reduced cortisol production and increased IL-2 production, which
is related to inﬂammation, are observed during nighttime.81
Irregular habits will also cause imbalance in agonists for m-opioid
and k-opioid receptors, skewing toward susceptibility of itch.81Conclusion
Recent knowledge regarding factors related to the exacerbation
of itch, the mechanism of worsening conditions, and countermea-
sures of AD, have contributed to the management of AD. AD can be
aggravated by natural human physiological phenomena and our
living environment. Thus, providing a guidance policy for the pa-
tient is sometimes difﬁcult. Some problems still remain unresolved,
but we hope that the recent accumulation of evidence can be uti-
lized as much as possible in the guidance of patients.Conﬂict of interest
The authors have no conﬂict of interest to declare.References
1. Hill LW, Sulzberger MB. Evolution of atopic dermatitis. Arch Derm Syphilol
1935;32:451e63.
2. Brocq L, Jacquet L. Notes pour servir a l'histories des neurodermatitis: du lichen
circumscriptus des anciens auteurs, ou lichen simplex chronique de M. le Dr. E
Vidal. [Ann Dermatol Syphiligr] 1891;97:193e208 (in French).
3. Besnier E. Premiere note et observations preliminaires pour servir d'intro-
duction a l etude diathesique. [Ann Dermatol Syphiligr] 1892;23:634e48 (in
French).
4. Haniﬁn JM. Pharmacophysiology of atopic dermatitis. Clin Rev Allergy 1986;4:
43e65.
5. Wahlgren CF. Itch and atopic dermatitis: clinical and experimental studies. Acta
Derm Venereol Suppl (Stockh) 1991;165:1e53.
6. Shiratori-Hayashi M, Koga K, Tozaki-Saitoh H, Kohro Y, Toyonaga H,
Yamaguchi C, et al. STAT3-dependent reactive astrogliosis in the spinal dorsal
horn underlies chronic itch. Nat Med 2015;21:927e31.
7. Akiyama T, Carstens E. Spinal coding of itch and pain. In: Carstens E, Akiyama T,
editors. Itch: Mechanisms and Treatment. Boca Raton, FL: CRC Press/Taylor &
Francis; 2014.
8. Stander S, Moormann C, Schumacher M, Buddenkotte J, Artuc M,
Shpacovitch V, et al. Expression of vanilloid receptor subtype 1 in cutaneous
sensory nerve ﬁbers, mast cells, and epithelial cells of appendage structures.
Exp Dermatol 2004;13:129e39.9. Wilson SR, Gerhold KA, Bifolck-Fisher A, Liu Q, Patel KN, Dong X, et al. TRPA1 is
required for histamine-independent, Mas-related G protein-coupled receptor-
mediated itch. Nat Neurosci 2011;14:595e602.
10. Lee JH, Park CK, Chen G, Han Q, Xie RG, Liu T, et al. A monoclonal antibody that
targets a NaV1.7 channel voltage sensor for pain and itch relief. Cell 2014;157:
1393e404.
11. Wilson SR, Bautista DM. Role of transient receptor potential channels in acute
and chronic itch. In: Carstens E, Akiyama T, editors. Itch: Mechanisms and
Treatment. Boca Raton, FL: CRC Press/Taylor & Francis; 2014.
12. Yun JW, Seo JA, Jeong YS, Bae IH, Jang WH, Lee J, et al. TRPV1 antagonist can
suppress the atopic dermatitis-like symptoms by accelerating skin barrier re-
covery. J Dermatol Sci 2011;62:8e15.
13. Oh MH, Oh SY, Lu J, Lou H, Myers AC, Zhu Z, et al. TRPA1-dependent pruritus in
IL-13-induced chronic atopic dermatitis. J Immunol 2013;191:5371e82.
14. Ross SE, Mardinly AR, McCord AE, Zurawski J, Cohen S, Jung C, et al. Loss of
inhibitory interneurons in the dorsal spinal cord and elevated itch in Bhlhb5
mutant mice. Neuron 2010;65:886e98.
15. Akiyama T, Carstens E. Neural processing of itch. Neuroscience 2013;250:
697e714.
16. Pereira PJ, Lerner EA. Interneurons scratch an itch. Neuron 2014;82:503e5.
17. Mochizuki H, Tanaka S, Morita T, Wasaka T, Sadato N, Kakigi R. The cerebral
representation of scratching-induced pleasantness. J Neurophysiol 2014;111:
488e98.
18. Paus R, Schmelz M, Biro T, Steinhoff M. Frontiers in pruritus research:
scratching the brain for more effective itch therapy. J Clin Invest 2006;116:
1174e86.
19. Ishiuji Y, Coghill RC, Patel TS, Oshiro Y, Kraft RA, Yosipovitch G. Distinct pat-
terns of brain activity evoked by histamine-induced itch reveal an association
with itch intensity and disease severity in atopic dermatitis. Br J Dermatol
2009;161:1072e80.
20. Gotoh Y, Omori Y, Andoh T, Kuraishi Y. Tonic inhibition of allergic itch signaling
by the descending noradrenergic system in mice. J Pharmacol Sci 2011;115:
417e20.
21. Kuraishi Y. Noradrenergic modulation of itch transmission in the spinal cord.
Handb Exp Pharmacol 2015;226:207e17.
22. Gotoh Y, Andoh T, Kuraishi Y. Noradrenergic regulation of itch transmission in
the spinal cord mediated by alpha-adrenoceptors. Neuropharmacology
2011;61:825e31.
23. Yosipovitch G. Dry skin and impairment of barrier function associated with
itch e new insights. Int J Cosmet Sci 2004;26:1e7.
24. Ikoma A, Steinhoff M, Stander S, Yosipovitch G, Schmelz M. The neurobiology
of itch. Nat Rev Neurosci 2006;7:535e47.
25. Wahlgren CF, Hagermark O, Bergstrom R. Patients' perception of itch induced
by histamine, compound 48/80 and wool ﬁbres in atopic dermatitis. Acta Derm
Venereol 1991;71:488e94.
26. Steinhoff M, Neisius U, Ikoma A, Fartasch M, Heyer G, Skov PS, et al. Proteinase-
activated receptor-2 mediates itch: a novel pathway for pruritus in human
skin. J Neurosci 2003;23:6176e80.
27. Kempkes C, Buddenkotte J, Cevikbas F, Buhl T, Steinhoff M. Role of PAR-2 in
neuroimmune communication and itch. In: Carstens E, Akiyama T, editors.
Itch: Mechanisms and Treatment. Boca Raton, FL: CRC Press/Taylor & Francis;
2014.
28. Hosogi M, Schmelz M, Miyachi Y, Ikoma A. Bradykinin is a potent pruritogen in
atopic dermatitis: a switch from pain to itch. Pain 2006;126:16e23.
29. Bautista DM, Wilson SR, Hoon MA. Why we scratch an itch: the molecules, cells
and circuits of itch. Nat Neurosci 2014;17:175e82.
30. Tsybikov NN, Petrisheva IV, Kuznik BI, Magen E. Plasma endothelin-1 levels
during exacerbation of atopic dermatitis. Allergy Asthma Proc 2015;36:
320e4.
31. McQueen DS, Noble MA, Bond SM. Endothelin-1 activates ETA receptors to
cause reﬂex scratching in BALB/c mice. Br J Pharmacol 2007;151:278e84.
32. Sonkoly E, Muller A, Lauerma AI, Pivarcsi A, Soto H, Kemeny L, et al. IL-31: a
new link between T cells and pruritus in atopic skin inﬂammation. J Allergy Clin
Immunol 2006;117:411e7.
33. Wilson SR, The L, Batia LM, Beattie K, Katibah GE, McClain SP, et al. The
epithelial cell-derived atopic dermatitis cytokine TSLP activates neurons to
induce itch. Cell 2013;155:285e95.
34. Hon KL, Lam MC, Wong KY, Leung TF, Ng PC. Pathophysiology of nocturnal
scratching in childhood atopic dermatitis: the role of brain-derived neuro-
trophic factor and substance P. Br J Dermatol 2007;157:922e5.
35. Heyer G, Hornstein OP, Handwerker HO. Reactions to intradermally injected
substance P and topically applied mustard oil in atopic dermatitis patients. Acta
Derm Venereol 1991;71:291e5.
36. Abeck D, Andersson T, Grosshans E, Jablonska S, Kragballe K, Vahlquist A, et al.
Topical application of a platelet-activating factor (PAF) antagonist in atopic
dermatitis. Acta Derm Venereol 1997;77:449e51.
37. Andoh T, Haza S, Saito A, Kuraishi Y. Involvement of leukotriene B4 in spon-
taneous itch-related behaviour in NC mice with atopic dermatitis-like skin
lesions. Exp Dermatol 2011;20:894e8.
38. Wilson SR, Nelson AM, Batia L, Morita T, Estandian D, Owens DM, et al. The ion
channel TRPA1 is required for chronic itch. J Neurosci 2013;33:9283e94.
39. Zygmunt PM, Hogestatt ED. Trpa1. Handb Exp Pharmacol 2014;222:583e630.
40. Kim DK, Kim HJ, Kim H, Koh JY, Kim KM, Noh MS, et al. Involvement of sero-
tonin receptors 5-HT1 and 5-HT2 in 12(S)-HPETE-induced scratching in mice.
Eur J Pharmacol 2008;579:390e4.
H. Murota, I. Katayama / Allergology International 66 (2017) 8e13 1341. Murota H, Izumi M, Abd El-Latif MI, Nishioka M, Terao M, Tani M, et al. Artemin
causes hypersensitivity to warm sensation, mimicking warmth-provoked
pruritus in atopic dermatitis. J Allergy Clin Immunol 2012;130:671e82. e674.
42. Mollanazar NK, Smith PK, Yosipovitch G. Mediators of chronic pruritus in
atopic dermatitis: getting the itch out? Clin Rev Allergy Immunol 2016;51:
263e92.
43. Tirado-Sanchez A, Bonifaz A, Ponce-Olivera RM. Serum gastrin-releasing pep-
tide levels correlate with disease severity and pruritus in patients with atopic
dermatitis. Br J Dermatol 2015;173:298e300.
44. Kagami S, Sugaya M, Suga H, Morimura S, Kai H, Ohmatsu H, et al. Serum
gastrin-releasing peptide levels correlate with pruritus in patients with atopic
dermatitis. J Invest Dermatol 2013;133:1673e5.
45. Georgala S, Schulpis KH, Papaconstantinou ED, Stratigos J. Raised beta-
endorphin serum levels in children with atopic dermatitis and pruritus.
J Dermatol Sci 1994;8:125e8.
46. Stander S, Gunzer M, Metze D, Luger T, Steinhoff M. Localization of mu-opioid
receptor 1A on sensory nerve ﬁbers in human skin. Regul Pept 2002;110:75e83.
47. Heyer G, Vogelgsang M, Hornstein OP. Acetylcholine is an inducer of itching in
patients with atopic eczema. J Dermatol 1997;24:621e5.
48. Salomon J, Baran E. The role of selected neuropeptides in pathogenesis of
atopic dermatitis. J Eur Acad Dermatol Venereol 2008;22:223e8.
49. Kamo A, Tominaga M, Taneda K, Ogawa H, Takamori K. Neurotropin inhibits
the increase in intraepidermal nerve density in the acetone-treated dry-skin
mouse model. Clin Exp Dermatol 2013;38:665e8.
50. Tominaga M, Takamori K. Itch and nerve ﬁbers with special reference to atopic
dermatitis: therapeutic implications. J Dermatol 2014;41:205e12.
51. Feld M, Garcia R, Buddenkotte J, Katayama S, Lewis K, Muirhead G, et al. The
pruritus- and TH2-associated cytokine IL-31 promotes growth of sensory
nerves. J Allergy Clin Immunol 2016;138:500e8. e524.
52. Kremer AE, Martens JJ, Kulik W, Rueff F, Kuiper EM, van Buuren HR, et al.
Lysophosphatidic acid is a potential mediator of cholestatic pruritus. Gastro-
enterology 2010;139:1008e18. 1018. e1001.
53. Nakao M, Sugaya M, Suga H, Kawaguchi M, Morimura S, Kai H, et al. Serum
autotaxin levels correlate with pruritus in patients with atopic dermatitis.
J Invest Dermatol 2014;134:1745e7.
54. Parsad D, Saini R. The sound of scratching: an unusual cause of neurotic ex-
coriations. Dermatology 1997;195:74.
55. Schut C, Grossman S, Gieler U, Kupfer J, Yosipovitch G. Contagious itch: what
we know and what we would like to know. Front Hum Neurosci 2015;9:57.
56. Papoiu AD, Wang H, Coghill RC, Chan YH, Yosipovitch G. Contagious itch in
humans: a study of visual 'transmission' of itch in atopic dermatitis and healthy
subjects. Br J Dermatol 2011;164:1299e303.
57. Murota H, Katayama I. Evolving understanding on the aetiology of thermally
provoked itch. Eur J Pain 2016;20:47e50.
58. Fruhstorfer H, Hermanns M, Latzke L. The effects of thermal stimulation on
clinical and experimental itch. Pain 1986;24:259e69.
59. Yosipovitch G, Fast K, Bernhard JD. Noxious heat and scratching decrease
histamine-induced itch and skin blood ﬂow. J Invest Dermatol 2005;125:
1268e72.
60. Ikoma A, Fartasch M, Heyer G, Miyachi Y, Handwerker H, Schmelz M. Painful
stimuli evoke itch in patients with chronic pruritus: central sensitization for
itch. Neurology 2004;62:212e7.
61. Pfab F, Valet M, Sprenger T, Toelle TR, Athanasiadis GI, Behrendt H, et al. Short-
term alternating temperature enhances histamine-induced itch: a biphasic
stimulus model. J Invest Dermatol 2006;126:2673e8.62. Katayama I, Kohno Y, Akiyama K, Aihara M, Kondo N, Saeki H, et al. Japanese
guideline for atopic dermatitis 2014. Allergol Int 2014;63:377e98.
63. Kuno Y. Human Perspiration. Springﬁeld, IL: Charles C. Thomas; 1956.
64. Murota H, Matsui S, Ono E, Kijima A, Kikuta J, Ishii M, et al. Sweat, the driving
force behind normal skin: an emerging perspective on functional biology and
regulatory mechanisms. J Dermatol Sci 2015;77:3e10.
65. Yokozeki H, Hibino T, Sato K. Partial puriﬁcation and characterization of
cysteine proteinases in eccrine sweat. Am J Physiol 1987;252(6 Pt 2):
R1119e29.
66. Yokozeki H, Hibino T, Takemura T, Sato K. Cysteine proteinase inhibitor in
eccrine sweat is derived from sweat gland. Am J Physiol 1991;260(2 Pt 2):
R314e20.
67. Hibino T, Izaki S, Izaki M. Detection of serine proteinase inhibitors in human
corniﬁed cells. Biochem Biophys Res Commun 1981;101:948e55.
68. Kato T, Takai T, Mitsuishi K, Okumura K, Ogawa H. Cystatin A inhibits IL-8
production by keratinocytes stimulated with Der p 1 and Der f 1: biochem-
ical skin barrier against mite cysteine proteases. J Allergy Clin Immunol
2005;116:169e76.
69. Nattkemper LA, Lee HG, Valdes-Rodriguez R, Mollanazar NK, Sanders KM,
Yosipovitch G. Cholinergic induction of perspiration attenuates non-
histaminergic pruritus in the skin of patients with atopic dermatitis and
healthy controls. Br J Dermatol 2015;173:282e4.
70. Williams JR, Burr ML, Williams HC. Factors inﬂuencing atopic dermatitis-a
questionnaire survey of schoolchildren's perceptions. Br J Dermatol
2004;150:1154e61.
71. Tanaka A, Tanaka T, Suzuki H, Ishii K, Kameyoshi Y, Hide M. Semi-puriﬁcation
of the immunoglobulin E-sweat antigen acting on mast cells and basophils in
atopic dermatitis. Exp Dermatol 2006;15:283e90.
72. Adachi J, Endo K, Fukuzumi T, Kojima M, Aoki T. Negative patch test reactions
to sweat in atopic dermatitis. Acta Derm Venereol 1996;76:410e1.
73. Hiragun T, Ishii K, Hiragun M, Suzuki H, Kan T, Mihara S, et al. Fungal protein
MGL_1304 in sweat is an allergen for atopic dermatitis patients. J Allergy Clin
Immunol 2013;132:608e15. e604.
74. Papa C, Kligman A. Mechanism of eccrine anhidrosis. J Invest Dermatol 1966;47:
1e9.
75. Shiohara T, Doi T, Hayakawa J. Defective sweating responses in atopic
dermatitis. Curr Probl Dermatol 2011;41:68e79.
76. Eishi K, Lee JB, Bae SJ, Takenaka M, Katayama I. Impaired sweating function in
adult atopic dermatitis: results of the quantitative sudomotor axon reﬂex test.
Br J Dermatol 2002;147:683e8.
77. Kijima A, Murota H, Matsui S, Takahashi A, Kimura A, Kitaba S, et al. Abnormal
axon reﬂex-mediated sweating correlates with high state of anxiety in atopic
dermatitis. Allergol Int 2012;61:469e73.
78. Takahashi A, Murota H, Matsui S, Kijima A, Kitaba S, Lee JB, et al. Decreased
sudomotor function is involved in the formation of atopic eczema in the cubital
fossa. Allergol Int 2013;62:473e8.
79. Matsui S, Murota H, Takahashi A, Yang L, Lee JB, Omiya K, et al. Dynamic
analysis of histamine-mediated attenuation of acetylcholine-induced sweating
via GSK3beta activation. J Invest Dermatol 2014;134:326e34.
80. Saeki H, Nakahara T, Tanaka A, Kabashima K, Sugaya M, Murota H, et al. Clinical
practice guidelines for the management of atopic dermatitis 2016. J Dermatol
2016;43:1117e45.
81. Lavery MJ, Stull C, Kinney MO, Yosipovitch G. Nocturnal Pruritus: the battle for
a peaceful night's sleep. Int J Mol Sci 2016;17:425.
